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is  2.489(1)?.  In  ths  prsssncs  of  sn  sxcess  of  CO,  Mo(CO)^  Is  ultlastsly 
fonwd  along  with  othar  as  yat,  uncharactarizad  nolybdanua  containing 
covpounds. 
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laactlons  of  Trlply-bondod  DliMtal  Compounds.  Rovorslbl*  Addition  of 

/ 

Carbon  Honoxldn  to  a Haxakla(al]uny)dl]aol7bdanua  Conpound.  A Molacula 
with  a Carboiqrl~^rldgad  Matal-tor9fatal'  Doubla  Bond. 


contain  unbrldgad  aatal-to-Mtal  triple  bonda. 

Alkane  solutlona  of  Mo2(0R)g  co^ounds  %fbere  R *■  Ma^C,  Me2CH  and 

Me2CCH2»  rapidly  abaorb  carbon  oonoxlde  at  roon  tcoperature  to  give  dark 
2 

solutions.  Upon  exposure  to  two  equivalents  of  CO,  crystalline  compounds 
have  been  obtained  merely  by  cooling  the  alkane  solutions  to  ca.  -lO'C. 
Black  crystalline  compounds  of  empirical  formula  Mo(OR)jCO  have  been 
obtained  for  R • Me2CH  and  Me2CCH2  and  a preliminary  X-ray  investigation  has 
shown  that  the  isopropoxlde  Is  tetranuclear,  Mo^(OPr^]^CO)^.  The  ZR 
spectrta  of  the  latter  coiopound  shows  four  well -resolved  and  sharp  bands 
of  approximately  equal  intensity  assignable  to  coordinated  carbonyl  ligands 
1957,  1882,  1837  and  1819  cm"^.  When  R * Me.C,  a dark  purple  crystalline 


conpound,  Mo,(OBu  ),C0,  I,  was  obtained  which  showed  only  one  IR  band,  at 


1670  cm  , assignable  to  a carbonyl  group. 

All  the  new  carbonyl  compounds  are  thermally  labile.  I readily 


loses  CO  on  heating  ^ vacuo  and  Mo2(0Bu^)g  Is  recovered.  Carbon  monoxide 
Is  also  lost  in  solution  under  a nitrogen  purge  or  under  vacuum.  This 


establishes  the  reversibility  of  reaction  1 below 


j 


TIm  black  erys^alllna  eQapouDd«»Mo^(at)j^2(^)4*  ^ ” Mc2CH  cad 

Vm^COi^,  yield  Mo(CO)g  ac  50*C,  10~^  Torr  and  Mo2«Ml)g  eonpouada  at  80-100*C, 

-2 

10  Torr.  Other  noa*oolatile  producta  are  aa  yet  uneharacterlaed  la  theae 
theraal  decoapoaltlaa  raactlooa. 

Upon  expoaure  to  aa  exceaa  of  CO  (1  Ataoa)  lfe2(0K)^  eoapounda  react  < 
further.  For  example,  after  expoalag  a hexane  eolation  of  Mo2(0Bu*^)^  to  aa 
exceaa  of  CO  (1  ataoa)  for  12  hr  the  aolvent  waa  atrlpped,  leaving  a black 
powdery  realdue  which  ahowad  the  following  Ik  banda  aaalgnable  to  carbonyl 
groupa:  2022b,  1985va,  four  overlapping  bande  at  ca.  1930,  all  atroag, 

1830w,  1690w,  1670w  and  1630w  ca~^.  The  band  at  1985  ca~^  la  aaalgnable 
to  Mo(CO)^  and  even  at  room  tcaperature,  1 ataoa,  thla  coapound  alowly  aub- 
llaea  out  of  the  black  realdue.  Thua  it  appeara  that  foraatlon  of  I 
repraaenta  aerely  the  first  step  In  a chain  of  reactions  ^ich  leads  to 
Mo(CO)^  aaongst  other  aa  yet  uncharacterized  products.  Ve  proceeded 
^ directly  toward  a full  structural  characterization  of  the  novel  carbonyl 
coapound,  I.  • 

Crystals  of  I consist  of  discrete  dlnuclear  aolecules  with  the  structure 
shown  in  Pig.  1.  Here  we  oalt,  for  the  sake  of  clarity,  the  (CH^)^^  groups. 

4 

Bach  aolecule  possesses  a erystallographieally  iaposed  alrror  plane  containing 
01,  Cl,  02  and  03  and  bisecting  the  Mo-Mo  bond.  The  virtual  syaaetry  of 
the  aolecule  la  C2^.  The  coordination  polyhedron  about  each  aetal  atoa  la 
a distorted  square  pyramid  with  the  Mo  to  carbonyl  carbon  bond  at  the  apex. 

Mb  believe  the  Mo-Mo  bond  has  a forhal  bond  order  of  2.  The  Mlecule 
la  diaaagnetic  and  the  electron  counting  for  each  aolybdenua  atoa  may  be 
conducted  aa  follows:  the  neutral  Mo  atoa  has  6 electrons,  each  terainal  RO 
group  contributes  1 as  does  the  bridging  CO  group,  and  the  pair  of  bridging 
SO  groups  contribute  3 electrons  to  each  aetal  atoa.  Thua,  before  aetal-aetal 


b<md  fonwtloa  is  eoasldsrsd,  ssch  astsl  atom  has  12  alaetrons.  To  account 

4 

raadily  for  dianagnatiast  on  Mo-Mo  bond  of  avan  ordar  should  bo  prasant* 

With  a diatanca  of  2.489(l)At  tha  only  raasonabla  conclusion  is  a bond 
ordar  of  2. 

*9  natal  bonds  of.  orders  1,  3 and  4 ara»  of  eoursa,  vary 

®**n*>fous  and  uall— known,  but  not  nany  doubla  bonds  hava  baan  obsarvad 
to  data.  For  nolybdanua  thara  bava  not  pravlously  baan  any  unaabiguoua 
casas^  axcapt  for  that  in  MOjCOPrSg/  whara  the  Mo-Mo  distance,  2.523(1)1, 

^ vary  alailar  to  tha  one  found  hare.  It  is  noteworthy  that  in  tha 
isopropozida  also  tha  natal  atons  hava  fomal  14-alectron  configurations,  but 
tha  coordination  polyhedron  is  a trigonal  bipyranid. 

In  conclusion  wa  anphasiza  tha  following: 

1)  This  work  provides  tha  first  synthesis  and  structural  characterization 
of  a conpound  in  which  a carbonyl  ligand  bridges  a natal-to-natal  doubla  bond, 
••  vail  as  only  tha  second  unambiguous  exanpla  of  an  Ho  - Mo  bond. 

2)  To  our  knowledge  tha  revarsibla  reaction  1 has  but  one  anology, 
nansly,  tha  recently  raportad  revarsibla  CO  insertion  into  a Pd-Pd  single 
bond.^ 

Pd2(dpa)2Z2  * cot  Pd2(dpn)2X2CO 

whara  X • Cl,  Ir  and  dpn  - PhjPCHjPPh^. 

^4a  farnatian  of  Mo(GO)^  under  the  axtrsMly  mild  conditions  raportad 
fwika  ramarhahla.  Indeed,  tha  raactloa  between  Ho^iOR}^  compounds 
and  00  may  pra^a  syathatieally  useful  for  tha  synthesis  of  labelled  com- 

•* 


pounds  Ns(*C0) 
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Suppl— ntary  Hyfrlal.  A Tabic  (1  page)  of  atoalc  poaltional 
and  thanal  paranatars.  Ordarlag  infornatlon  la  glvan  on  anf  currant 

naathaad  paga. 
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Flgur*  1.  A vi«w  of  th«  coordination  goeaetry  of  I,  M62(0Bu^)^(C0) > 
showing  Che  sain  intamuclaar  distances.  Each  atom  is  represented 
by  its  ellipsoid  of  chemal  vibration,  scaled  to  enclose  40Z  of  the 
electron  density.  The  tertiary  butyl  groups  are  omitted  for  clarity. 
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